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PIO& of the effart dufing this reporting period has been devotttd to m l r t n g  

ths original psogram up into these four propws. 
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Intersection of Shock klaves of Opposite FamQ 

The solution for the intersection of shocks of the opposite fermily ir, 

relatively stzaightforward when the  fluid invalved is a perfect gas. The 

shock 

of the vortez sheet. 

difficulty invalved as the computer nust select the solution where both reflected 

oialique shocks are of the weak variety. 

polar equations are solved in corqjunction with the boundary conditions 

The existence of more than OAS solution creates the only 

Experiment indioates that t h i s  is the ahzy 
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1, Re@ms 1 and 2 are oarqpletefy coaqpzted. The dom shock is 

calculated and as each shook point is detemined, it is tested far 

intersection w i t h  t he  shook separating regians 1 and 2, 

intersection point i s  established, the region 3 properties are com- 

puted up t o  and induding the first family characteristic passing 

throu& the dcrwnshock p o b t  inmcfiately dmstream of the intersection. 

TMe data is then stared. The value of 9, the shock angle is determined 

a t  the intersection point by linear interpolation. 

Once .the 

2. pl, 5 and 8 , s  (&- md8) f w d  st the htfW89caa point 

, .  the ragiaa 1 c m  fit. The f W  properties in regions 2 and 3 are 

. CQmgllted Fraa the shock point routine, with 9 known in this ~968. 
! 
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4. For a first guess as t o  the  shock angle of the shock separating 

6, 

"*" 

i 

regions 3 and 5,  us8 0.95 times t i  perfect gas 8 calculated frcmj 

the following equation8 - 1 

X 0 

of the 3 solntims for 05, 
The equatfms for o m t i o n  of mass, manentuw and energy are applied 5. 

at the shock wave to obtain 2 d i f f e ren t  value8 of hs. When the two 

agree, the correct vdlue of 05 has been detgfiained, 

Lf the first guess is not correct, uae a Newton-Raphsan iteratian 

procedure to converge on proper value of 0. Use O5 

then corpgata 8 better estiTRate from equation: 

6 ,  

O b t a i n  the Peamining nuid properties in region 5 f r o m  &gae program, 

entering with PS and ?so 
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The pMpsrties et point D below the vortex sheet are found from the 

chrPctesistics w p t i o a  and the hown entropy which ramains canstant 

aloag the l ( r s ~ % c  w f a c e  of the vortex sheet. 

Qlce thnr properties a t  the lower surface at D are Icnoun, the upper portfon 

131~y also be camputed. The pressure is the aama on either side of the varrtez 

rd?set and the entropy will be equal to Ss at all p h t g  along the upper surface. 

The &ock point E my now be computed from the up shock routine. 

The ganenal procedure for the reat of the flawfield is to compute along first 

fandJy rays, beginnjng with the dounahock, wnputing auross the  ort tax sheet 

and finishing at the up shock,, A tes t  is incorporated to determine when the 

vortex sheet ie being approached and the casnputer transfers to the vortex d e e t  

routFne a t  thie tdm. The vortex routine ut i l iaes  an iterative procedure where@ 

the boundaq condition8 of the vortex sheet are satisfied along uith the charac- 

Wstics equations. The procedure i s  continued until  e i ther  shock is r e f b c t e d  

from the centerbocb. or c o d  at which time the procedure is modified as required. 
+ b  
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-tion Point Boturdar~ W e  r Routine 

The boundary layer solution i n  the stagnation region of a blunt body 

VBU disouseed in the Fifth Monthly Progress Report. 

point, however, special care must be taken in some of the parameters. 

A t  the stagnation 

M a  

is  due to the coardineb x, the local velocity U,, and the transformation 

variable ‘pare a l l  epual t o  m r o  at the stagnation point. A t  the stagnation 

point the mloclty gmdlent l a  defined, Reference 1, 

(3) 

dll, = u, and by definit ion 
dx X 

- 

Differentiating equatfon (3)  with respect to x and substituting in equation (2) 

and 
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du 
dx 

The stagnation point velocity gradient & is fovrnd Aarp l h w t o m  . 

flow, Refarewe 2, 

(7) 

Equation ( 8 )  rpay be eubotituted in the heat flux and dicirplacement 

thickness terms to debrmine the parRmett3PS at the atagbation point. 

frosen f l a w  the heat transfer pe.raraeter, given in squaklon 17 of the F'tfth 

For 

Monthly Prog-em Report, beeomea 

( 9 )  

where the heat flux 

The pressure gFadienf parameterfl is obtained Prom the following table 

P j Flow 

1 0 Stagnation Point 
'Pvs.Ma3ena i anal 
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and a t  the stagnation point .jk 

For equilibrium f l a w  the heat transfer parametar, equation (9) i a  %dentfoal, 

The remaining parametem, a* and 8, are identical  far both frozen and 

equilibrium flow. 

The tmhahnt boundary l& program is pmsentlg. beirys finallacsd, aqd tb 

detalle of tb program W i l l  be given in the near future. 
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speotfic heat 

blsolrrmbr diffmion coef f ioient 

m l o a i ~  ratio, due 

enthalpy of f o m t i o n  of spaies 

etat ic  enthalpy 

reference enthalpy 

total enthalpy 

exponent of body radius r 

th.rmal conductivity 

Uvis mxuber 

Nusselt number 

total pt.esa\rre 

Static m6s\lre 

h a n d t l  number f i C p  
k 

Reynolds number 

radius of body at revolution 

absolute temperature 

velocity colpponents i n  x and y direct ion respectively 

distance along body surface 

distance norm1 to body surface 

mass *action ra t io  BC /bc, 
mass fraction of atoma 

pressure gradient parameter 

t o t a l  enthalpy ra t io ,  H/He 

viscosity coefflcient 
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evaluated at reference enthalpy 4 and local pressinre 

local mlw external to boundary layer 

evaluated at wall 

derivative wlth respeat to x, yr 1 5 
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